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CHEMICAL STUDY OF THE  BRAIN IN  CASES OF 
DEMENTIA  PR~COX.* 
BY  W.  KOCH. 
(From the Pathological  Laboratory,  Clayb~try a~zd Lo~g  Grove Asyh~m,  Epsom.) 
The chemical study of these cases  was  first suggested to  me by 
Dr.  F. W. Mort, F.R.S., on account of the fact that neither micro- 
scopic nor macroscopic evidence could in any way account  for the 
symptoms  of  the  disease.  That  dementia  pr~ecox  is  a  clinical 
entity has, after a good deal of discussion, finally come to be gener- 
ally accepted.  The cases  here  recorded,  especially case 43,  which 
was most carefully studied, are  typical and could not be mistaken 
for any other conditions. 
Chemical studies so far made have shown in these cases the exist- 
ence of a  peculiar change in the chemical composition of the brain, 
consisting of a  deficiency in the metabolic or chemical activities of 
the nervous system, the exact interpretation of which is at present 
impossible,  and  probably  will  remain so  until  this  change  is  pro- 
duced experimentally.  The foundation for the deficiency here met 
with lies, probably,  in  some disturbance occurring during early or 
embryonic development, as a  result of which the brain  fails to ac- 
quire  its  full metabolic activity and  recuperative power.  Such  a 
nervous system can meet simple conditions, but  when subjected to 
the strain of adolescent life it gradually deteriorates, producing the 
chemical differences observed.  This  view  supplies  a  chemical  or 
metabolic basis for the idea expressed by Kraepelin, and in amanner 
supplements  the anatomical view elaborated by Bolton ;1 namely, that 
deterioration of the nervous system cannot take place unless there 
is an underlying instability of the neuron.  This general conception 
is  also  not out  of harmony with the tendency of the more  recent 
*Aided  by  a  grant  from  the  Rockefeller Institute  for  Medical Research, 
New York.  Received for publication, December 21,  191o. 
1Bolton, J. S., Arch. Neurol., 19o3, ii, 424; Jour.  Mental Science,  19o5, li, 17o, 
5o7, 659; I9o6, lii, I, 22x, 427, 711; 19o7, Iiii, 84, 423, I9o8, 1iv, x, 264, 433. 
301 302  Chemical Study  of Brain  4n Dementia Prcecox. 
studies of the psychologists, so well summed up by A. Meyer in the 
expression,  "Mind  like  every other  function  can  demoralize  and 
undermine itself and its organ and the entire biological economy." 2 
It seems inconceivable that such an extreme disturbance of chemical 
balance as has been observed in the later stages of dementia pr~ecox 
can ever arise in a  nervous system which has a  normal  amount  of 
recuperative power. 
Our chemical observations, which concern largely the distribution 
of sulphur  in different  fractions,  are  given in  the  following table: 
TABLE  I. 
Total S in 
per cent. of 
dry matter.  0.. 
Normal.  Dementia  Prmcox. 
Protein S 
Lipoid S 
Neutral S 
Inorganic S 
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6o.2  63 
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5.o  5.6  6.1  3.3 
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Case 43. 
66.6 
23.7 
5-9 
3.7 
o .48 
The  methods  of  analysis  have  already  been  described. 8  The 
significance of the various fractions is as follows: 
Protein  £ulphur.--Sulphur  in  protein  or  proteose  combination 
such as is  found in probably all the proteins  of the tissues;  a  part 
is represented by neurokeratin. 
f  minimum  I  per cent. 
Variation  in this  fraction:  1. maximum  IO per cent. 
Lipoid Sulphur.--Sulphur in combination with lipoids3  Found 
only in the nervous system and there only in the medullated fibres. 
f  minimum  I  per cent. 
Variation in this fraction:  I.maximum  17 per cent. 
Variations  in  protein  and  lipoid  sulphur  fractions  are  within 
analytical errors. 
Neutral  Sulphur.--Sulphur  in  non-colloidal  water-soluble  com- 
binations, not precipitated by barium chloride direct.  This  fraction 
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consists probably of a  mixture  of proteinic  acids  (resembling those 
found in the urine)  and taurine. 
f  minimum 27 per cent. 
Variation  in this  fraction: L maximum  65  per cent. 
The  variations  in  this  fraction  are  the  most  noticeable,  and  as 
they are beyond any possible errors  in  the  method,  they  form the 
basis of the conclusion  given above. 
Inorganic  Sulplu,r.--Sulphates  directly  precipitated  by  barium 
chloride.  The estimations  in this  fraction were subject in the first 
four pathological  cases to  a  source of error  which was  eliminated 
in normal case 7  °  and dementia pr~ecox case 43.  A  comparison of 
these two cases reveals that the variations in this  fraction are slight. 
The  chemical analysis of brains  from cases of dementia pr~eeox 
reveals,  then,  a  variation  in the  neutral  salphur  fraction;  in  other 
words,  a  difference in chemical composition of a  nature  not so  far 
observed in  other  forms  of insanity,  or  in  cases  free  from mental 
disease. 
Because  of  the  chemical  relationship  of  this  group  of  sulphur 
compounds to a  similar group in the urine,  and in view of the sug- 
gestion of Folin~  that  in the urine  this  group  may bear some rela- 
tion to tissue metabolism,  we have  reached the tentative  conclusion 
expressed  above;  namely,  that  in  dementia  pr0ecox  there  exists  a 
condition  of  met'abolic  deficiency.  We  further  believe  that  the 
absence  of  demonstrable  macroscopic  or  microscopic  anatomical 
changes in the brain of these cases gives to this chemical finding an 
especial significance. 
Brief protocols of the cases  follow. 
Case  ¢9.  }V.  D,  Brompton  Hospital,  London.  19o7.  Male,  age  24  years. 
Autopsy  nineteen  hours  after  death.  Weight  of  bram.--I,23o  grams.  Con- 
volutional pattern  good.  No  wasting.  Most  of  the  nerve  cells  are  normal, 
although  a  considerable number show  chromatolysis, without  much  destructive 
change.  Some  Betz  cells  show  chromatolysis  which  is  generally  perinuclear, 
and resembles that observed in dementia prmcox.  There is some  slight vascular 
and neurogliar proliferation.  Cause of death.--Pulmonary  tuberculosis.  Dura- 
tio,,  of disease--Eighteen months; in hospital three months.  Diagnosis of me~tal 
state.--Normal.  Previous  occupatio~.--Printer. 
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Case 7o.wJ.  E.  S.,  Department of  Pathology, University oi  Chicago.  May  I, 
19o8.  Male, age 43  years.  Autopsy four to  five hours  after death.  Weight of 
brain.--I,4OO grams.  Cause of  death.--Diffuse  suppurative  meningitis.  Dura- 
tion  of illness.--One  week.  Mental condi~ion.--NormaL  Previous occupation.- 
Surgeon. 
Case 28.--M.  R.,  Horton  Asylum.  January  I,  19o8.  Female,  age I7  years. 
Autopsy  five  hours  after  death.  Brain  sent  to  Claybury  and  placed  in  cold 
chamber.  Forty hours  elapsed before material was collected.  Weight of brain. 
--1#75  grams.  Cause  of .death.--Tubercular  salpingitis,  tuberculosis  of  lungs, 
infestines,  and  left elbow  joint.  Diagnosis  of mental  state.--Dementia  prmeox 
(katatonic  stupor).  Previous occupation.--General  servant.  Length of time  in 
asylum.--Three months. 
Case 29.--C.  H.,  Bexley Asylum.  March 2,  19o8.  Male,  age  23  years.  Au- 
topsy  twenty-six hours  after  death.  Weight of brain.--I,I65  grams.  Cause of 
death.--Lobar  pneumonia.  No  tubercle.  Diagnosis  of  mental  state--Dementia 
prmcox.  Previous  oecupation.--Laborer.  Reached  only  IVth  standard  at  age 
of  thirteen.  Length of time  in  asy/um.--Four months  and  twenty  days. 
Case 4z.--M. D.,  Horton Asylum.  February  19,  I908.  Female, age 28 years. 
Autopsy  eighteen  hours  after  death.  Cause of  death.--Tuberculosis  of  lungs 
and  intestines.  Weight  of  brain.--I,O95 grams.  Diagnosis  of  mental  state.- 
Dementia  prmcox.  Previous occupation.--Married,  housewife.  Length  of  time 
in asylum.--Three years  and nine months. 
Case 42.--C.  O'C., Horton  Asylum.  March  3,  19o8.  Female,  age  27  years. 
Autopsy  thirteen  hours  after  death.  Weight of brain.--I,Igo  grams.  Cause of 
death.--Morhus  cordis,  fatty  degeneration,  bronchitis.  No  tubercle.  Diagnosis 
of  mental  state.--Dementia  praecox.  Previous  ocenpation.--Domestic  servant. 
Single.  Length of time  in asylum.--Four  years  and  eleven months. 
Case 43.---F. B.,  Long  Grove Asylum.  19o8.  Male,  age  26  years.  Autopsy 
twenty-five  hours  after  death.  Brain  sent  to  Claybury  and  placed  in  cold 
chamber.  Forty-seven hours  elapsed  before material was  collected.  ~Veight of 
braln.--I,345  grams.  Cause of  death.--Tubercnlous  broncho-pneumonia.  Diag- 
nosis  of mental  state.--Dementia  pr~ecox.  Previous occupation.--See  later  his- 
tory.  Length of time  in asylum.--Nine  months. 
Details  of  Case.  Family  History.  Father's  father.--Followed  the  sea,  once 
suspected  as  a  smuggler;  died at 65  years.  Father's  mother.--I-Iad  two  sons by 
first husband  (both alive, 55  and  60 years  old).  Died of heart  failure,  age  7o 
years  (?).  Mother's  father.--Age at death not known;  lived to good age.  No 
phthisis.  Mother's  mother.--No  phthisis.  Father.  W~elt-developed,  intelligent 
man,  age  53  years.  Occupation,  butcher.  Shows  no  evidence  of  alcoholic 
excess, though not a teetotaler.  Mental ability very good.  Mother.--Rather frail 
looking, but otherwise in apparently good physical health.  Age 55 years.  Brother. 
--Age 28 years.  Occupation, clerk in  a  bakery; has been  in the  South African 
war.  Sister.  Age 22  years.  Lives  at  home;  well-developed girl in  very good 
physical health.  Father's  brother.--Age 51  years.  Occupation,  insurance  agent. 
Father's  brother.--Age  49  years.  Occupation,  publican.  Father's  brother.- 
Died  in.  infancy  in  convulsions.  Mother's  brother.--Age  44  years.  Married; 
has  two children, a  girl aged 6  years,  and  a  boy 13  years.  Mother's  brother.-- 
,Age  40  years.  Married;  no  children.  Mother's  brother.--Died  at  40  years. W.  Koch.  305 
Cancer  of  the  stomach.  MotheFs brother.--Aceidentally  drowned  at  12  years. 
Mother's  sister.--Age  35  years.  Married;  has  three  children,  a  girl  aged  16 
years,  a  boy  aged  14  years,  and  a  girl  aged  8  years,  l]lother's  sister.--Died  at 
42  years  of  age.  Ulcer  of  the  stomach. 
No history of  tuberculosis or insanity appears. 
Patient's  History.--Second  oldest  in  the  family.  Rather  quiet  as  a  child, 
but not surly.  Mental development proceeded  fairly normally;  average progress 
in school.  When eleven years  old he  received  a  blow on the head  with  a  brick. 
After  leaving  school  he  took  a  position  as  clerk  with  a  tobacconist.  While 
in  that  position  he  had  a  fall  from  a  bicycle.  He  was  not  very  sociable  as  a 
young  man,  especially  with  his  sister's  friends.  At  the  age  of  about  twenty 
years  he  left  his  situation  and  the  family  saw  very little  of  him.  During  that 
time  he  joined  the  army,  was'  sent  to  Ireland,  deserted  twice,  and  was  finally 
discharged  by  the  army  surgeon.  At  the  age  of  about  twenty-two  or  twenty 
three  his  father  took  him  into  his  home,  but  could  do  very  little  with  him. 
His  father offered  him  a  situation in  his  shop.  Hallucinations began  about this 
time:  "There is  bidden  torture  in  my  inside  and  under  the  boards";  "I  want 
reorganizing";  "There  are mice all over the place."  He was  very irreguIar and 
peculiar with his food.  His  mother tells of his having a  tomato  in his tea.  The 
delusions  finally centered  about his  father,  who  attempted  to  be  strict with  him 
and  whom  he  finally  attacked.  One  morning  he  poured  something  into  his 
mother's  tea,  which  she  says  made  her  feel  queer  and  which  she  got  rid  of  by 
producing  vomiting.  At  the  age  of  about  twenty-three  he  was  sent  to  the 
Lambeth  infirmary;  at the  age  of  twenty-four,  to the  Fisherton  House;  and  at 
the  age  of  twenty-five,  to  Long  Grove  Asylum  where  he  died  at  the  age  o[ 
twenty-six.  His  father  denies  alcoholic excess  or  excessive  smoking in  his  son. 
He  was  not  married and no facts  are  known  about  sexual excess. 
Admitted  to  Long  Gro~'e Asylum,  Yuly  xz,  x9o7.  Physical  examlnatio~z. 
Weight.--I26 pounds;  Height  5  feet,  9~  inches.  General  bodily  condition  fair. 
Examination  of  head.--Rather  poor  facial  expression.  Abundant  reddish  haic 
on  cranium,  average  amount  on  face;  freckled  complexion.  Examit,  ation  of 
~zeck.--Thyroid  not  enlarged.  Examination  of  nervous  system.~Nothing  ab- 
normal,  Examination  of vasc~dar system.--Nothing  abnormal.  Exami~*ation of 
chest,--Flat  and sunken beneath clavicles.  Note  at  right apex  impaired.  Move- 
ment  and  air  entry  good;  no  abnormal  sounds.  Examiuatio~, of  ahmentary 
system.--Nothing abnormal.  Examinatiot~ of gastric syste~,.--Notbing  abnormal. 
E~:and~,ation of ,tri~te.--Not  made. 
Me~ttal State  at  Asyh*m.~January  I7,  19o8.  I-Ie  sits  quietly  in  his  chair, 
rather  huddled  up,  his  expression  wooden,  and  his  eyes  directed  at  the  floor 
some  distance  in  front  of  him.  Mucus  dribbles  from  his  nose,  and  saliva 
occasionally  from  his  mouth,  neither  of  which  the  patient  makes  any  effort  to 
remove.  The  hands  are  blue  and  congested.  If  he  is  addressed,  he  answers 
without  lifting  his  head.  There  is  no  appreciable  perceptual  impairment;  the 
patient  comprehends  immediately  what  is  said  to  him  and  his  answers  are 
prompt  and,  in  general,  more  or  less  relevant.  But  there  is  great  disaggrega- 
tiou  of  consciousness;  isolated  ideas  crop  up  sometimes  with  the  suddenness  of 
an  impulse,  and  between  all  these  isolated  elements  there  is  an  entire  lack  of 
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relations  in time and  space.  He gives the year correctly, but  suggests  that  it  is 
April when. it is January, that the season  is summer and that  Christmas  occurred 
ten  months  ago.  Of  the  self  contradictory  nature  of  these  statements  he  has 
no  appreciation  whatever.  The name  of  the place  he gives  as  "Fethard."  "It 
is  an  institution  for  Protestant  clergy."  He  is  not  a  clergyman  himself,  but 
belongs  to  the  "Redemptoristines."  Neologisms  similar  to  the  last  are  of 
frequent  occurrence  in  his  conversation,  l~emory  is  very  defective;  isolated 
reminiscences  exist,  but  their  coSrdination  into  an  ordered  whole  is  impossible. 
There  is  no  nofeworthy  difference between  his  memory  of  recent  and  remote 
events.  He  is  able  to  read  and  write  fairly  well  and  does  simple  arithmetic 
with  moderate  rapidity,  although  occasion.ally  with  egregious  errors.  The 
association  of  ideas  is  considerably  disturbed.  Bizarre  associations  with  no  ap- 
parent  logical continuity are of frequent occurrence,  and meaningless phrases  are 
also  often  observed.  When  asked  what  he  did  at  Salisbury,  he  replies:  "A 
matter  of  entertainment--mechanical  experience ";  and  in  answer  to  the  ques- 
tion,  "Have you  been  in  an  asylum?"  he  says,  "A matter  of  bewilderment  all 
around."  Although  there  is  no  present  evidence of the  existence  of  hallucina- 
tions  or  delusions,  if  he  is  questioned  concerning  those  mentioned  in  the  cer- 
tificate  (see  above),  he  not  only  remembers  but  maintains  that  the  facts  were 
actually  as  he  said:  e.  g.,  that  "pain  came up  to  him  from  under  the  boards," 
etc.  In the present  disintegrated  state  of his  mind  it is  impossible to  determine 
the  origin  or  connection  of  these  various  ideas.  The  affective  state  is  one  of 
marked  apathy  with  complete  atrophy  of  all the higher  emotions.  Attention  is 
greatly  disturbed--he  is  incapable  of  any  connected  ~rain  of  ideas  and  any 
isolated  idea  irrupting  into  consciousness  is promptly  acted  upon;  for  example, 
he  will  suddenly  get  up  and  say,  "I  must  go  now."  Although  not  greatly  in 
evidence  at  the  present  time,  numerous  volitional disturbances  have  been  noted 
since  admission  to  the  asylum,  a  tendency  to  preserve  attitudes  for  indefinite 
lengths  of  time,  resistiveness,  impulsive violence,  etc.  His  habits  are  depraved 
in  numerous  ways;  he  does  not  employ himself  in  any  way  and  is  extremely 
untidy. 
Progress of  Case.--December 4,  19o7.  Remains  in  same  condition;  untidy, 
defective habits,  neglectful of his person. 
January  I7,  19o8.  Mental  state  given  above  taken  at  this  date  by  Dr.  Hart. 
January  23,  19o8.  Mental  state  unchange,ck  I-te  is  in  very  fair  health  and 
has made a  slight gain in weight  (two pounds). 
March  24,  19o8.  Has  had  a  fainting  fit;  otherwise  in  his  normal  condition. 
-April  I3,  19o8.  Put  on  sick  notice. 
April 20,  19o8.  He  has  recently been  getting thinner  and  more pallid.  Dur- 
ing the pas{  fortnight an intermittant temperature  has been present,  accompanied 
by  evening sweats.  Definite  signs  of  phthisis,  which  appears  to  be  rapidly  ad- 
vancing,  are present.  Cavitation at  right  apex,  and  fine rMes  and  rhonehi  over 
greater  part  of both  lungs.  No cough. 
April 21,  19o8.  The breath during the past two days has been intensely offen- 
sive and  indicates  gangrene  of  lungs.  No  blood  or  mucus  in  stools.  Died  at 
ii.IO p.  m. 
Post'Mortem  Examination.--ApriI 22,  19o8,  I2.15  p.  m. 
Marked  tuberculosis  of  right upper  lobe with  numerous  ragged  cavities  sur- W.  Koch.  307 
rounded  by  gangrenous  areas.  Tuberculous broncho-pneumonia of  left  lower 
lobe; small fibrous area at' left apex.  Granular  kidneys and tuberculous  enteritis 
present.  Condition  thought to be  one  of rapidly  advancing  phthisis  developing 
~rom old quiescent areas.  Right hemisphere  taken  for chemical analysis. 
Histological Examlnation.--The  examination  revealed  nothing  unusual  and 
was not extended,  as a  study o~ a large number  of the other cases by Dr.  Mott 
has  demostrated  nothing  which  can  be  said  to  be  particularly  characteristic  of 
this  disease. 
In conclusion it gives me pleasure to thank Dr.  Mott,  F.R.S.,  and 
Dr.  Wells  for material,  Dr.  Hart  for clinical notes,  as  well  as  Dr. 
Bond and  the  Asylums Committee of the  London County  Council 
for the privilege of continuing my studies at Long Grove Asylum. 